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lence using three-dimensional kinetic and
fluid simulations. Figuring out drift-wave
instabilities and controlling them has
improved plasma energy confinement in
tokamak experiments.

Headed by William Nevins of the
Lawrence Livermore National Laboratory,
the project has pooled together the
expertise from many institutions. Those
researchers are Andris Dimits, Bruce
Cohen and Dana Shumaker at Livermore
Lab; Greg Hammett at the Princeton
Plasma Physics Laboratory; William
Dorland at the University of Maryland;
Ronald Waltz, Jeff Candy and Jon
Kinsey at General Atomics; and Frank
Jenko at the Max Planck Institut fir
Plasmaphysik (IPP) in Garching,
Germany.

“NERSC’s machines and support
infrastructure are most hospitable for get-
ting our work done,” Cohen said.

The researchers have published sev-
eral papers this year chronicling how
they have tackled several vexing ques-
tions about the simulation codes and
their diverging results. Previously pub-
lished results of ETG turbulence simula-
tions that used gyrokinetic continuum
codes produced large values of the elec-
tron thermal conductivity, which could
make ETG turbulence a significant force
to consider for tokamak design and oper-
ation. But those results were thrown into
question when more recent particle-in-
cell simulations yielded much lower ther-
mal conductivity values.

In a paper published in Physics of
Plasmas in August, Nevins and his fellow
researchers demonstrated that GEM
(developed by Scott Parker and Yang
Chen at the University of Colorado), a
turbulence simulation code using the par-
ticle-in-cell method, would produce sub-
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Fluctuation spectrum of electron temperature gradient turbulence projected into (a) the (k_r,
k_perp) plane, and (b) the (k_perp, omega) plane. At small k_perp the fluctuation spectrum
is anisotropic with a well-defined frequency at each k_perp, while at large k_perp the spec-
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trum becomes isotropic with no well defined frequency.

stantially the same results at the same
operating point as popular continuum and
particle-in-cell codes such as GYRO,
GS2, GENE and PG3EQ.

The authors noted that verifying the
codes is an important step in accurately
modeling how plasma behaves in a toka-
mak. “Benchmarking turbulence simula-
tion codes is an important exercise in
code verification. This code verification
exercise is particularly important in light of
recent controversies, in which particle and
continuum codes showed qualitative dif-
ferences in electron energy flux,” the
researchers wrote. The paper can be
found here.

In other papers, published in Physics
of Plasmas in December 2005, and in
Nuclear Fusion in July 2007, the scien-
tists showed that discrete particle noise
was the cause of the lower thermal con-
ductivity values. In those previously pub-
lished results, the particle noise would
suppress the turbulence, skewing the
models. Their findings corroborated other
studies showing that particle-in-cell simu-

DISCLAIMER

lations could produce higher thermal con-
ductivity values “provided that care is
taken to monitor and manage the simula-
tion noise.”

The research further supported earlier
conclusions from continuum-code simula-
tions that the values of the thermal con-
ductivity are large enough to play a signif-
icant role in tokamaks. Read the paper
here.

In a third paper, which was published
in the August issue of Plasma Physics
and Controlled Fusion, the researchers
followed up their previous simulation work
using GYRO, a continuum code. In 2006,
they had established a connection
between velocity space resolution,
entropy saturation and conservation, and
numerical dissipation. This year, they
found that ETG simulations with kinetic
ions could cure unphysically large satura-
tion levels in ETG simulations with adia-
batic ions. You can read the abstract of
the paper here.

Learn more about the fusion project at
http://www.mfescience.org.
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